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ELECTROLYTE FOR NON-AQUEOUS
ELECTROLYTE BATTERY AND

NON-AQUEOUS ELECTROLYTE LITHIUM
BATTERY

FIELD OF THE INVENTION

The present mvention relates to an electrolyte for a
non-aqueous electrolyte lithium battery and the like.

BACKGROUND ART

In recent years, attention has been focused on power
storage systems for small, high energy density uses such as
information-related equipment and communication equip-
ment, and more specifically, personal computers, video
cameras, digital still cameras, mobile phones and the like,
and power storage systems for large, power uses such as
auxiliary power sources for electric vehicles, hybnd vehicles
and fuel cell vehicles, power facilities and the like.

As candidates for the power storage systems, there have
been increasingly developed non-aqueous celectrolyte
lithium batteries including lithium 10n batteries, lithium
batteries and lithium 10on capacitors. In the non-aqueous
clectrolyte Iithium batteries, non-aqueous electrolytes, each
prepared by dissolving a fluorine-containing electrolyte
compound e.g. LiPF, 1n a solvent e.g. cyclic carbonate,
chain carbonate or ether, are commonly used for high battery
voltage and capacity. However, the non-aqueous electrolyte
lithium batteries using those non-aqueous electrolytes do not
always achieve satisfactory battery characteristics such as
cycle characteristics and output characteristics.

The non-aqueous electrolyte lithtum batteries currently in
practical use have the possibility of significant deterioration
in battery characteristics, e.g. extremely shortening of bat-
tery lifetime, due to electrolyte decomposition at electrode
surfaces during charge/discharge cycles under an environ-
ment temperature exceeding 60° C. In particular, the batter-
1ies for auxiliary power sources for electric vehicles, hybrid
vehicles and fuel cell vehicles, home power facilities eftc.
cause large heat generation during charge/discharge cycles
because of their high capacity and output performance.
Further, these batteries are used outdoors so that the envi-
ronment temperature of the batteries tend to be high in
summer. Thus, cooling mechanisms are provided to keep the
environment temperature of the batteries at 60° C. or lower.
However, the cooling mechanisms are also operated by
energy Irom the batteries. There has accordingly been a
demand to reduce the energy consumption of the cooling
mechanisms, or to develop electrolytes for non-aqueous
clectrolyte lithium batteries usable at an environment tem-
perature of higher than 60° C. so as to show less deteriora-
tion 1n battery characteristics during charge/discharge cycles
under a high temperature environment of e.g. about 80° C.
and thereby eliminate the need to use cooling mechanisms.

Patent Document 1 discloses that, in the case of using a
non-aqueous electrolyte 1n which a fluorine-containing elec-
trolyte compound e.g. LiPF, 1s dissolved 1n a solvent with
the addition of lithium difluorophosphate, there occurs reac-
tion of lithium difluorophosphate with electrode surfaces
during 1itial charge/discharge cycles such that good coating
f1lms are formed on positive and negative electrodes so as to
suppress reaction of the electrolyte solvent after the forma-
tion of the coating films and maintain battery discharge
capacity ailter the storage for 20 days at 60° C. Patent
Document 2 discloses that, in the case of using a LiPF,-
containing electrolyte with the addition of a difluorophos-
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phate salt, the battery shows improved output performance
even after repeated charge/discharge cycles under an envi-
ronment of 60° C. The addition of lithium difluorophosphate
1s 1n fact effective 1n improving battery cycle characteristics,
but does not succeed 1n achieving suflicient battery cycle
characteristics under a high temperature environment of
about 80° C.

Further, Non-Patent Document 1 discloses that, in the
case of using LiPF, as an electrolyte salt in a lithium 10n
battery (lithium secondary battery), L1PF 1s decomposed by
moisture absorption to form acidic components such as HF,
POF;, H(OPOEF,), H,(O,POF) and H,(PO,) that adversely

aiflect battery characteristics.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. H11-67270 (also published as Japanese Patent No.
3439085)

Patent Document 2: Japanese Laid-Open Patent Publica-
tion No. 2004-031079 (also published as Japanese Patent
No. 4233819)

Non-Patent Documents

Non-Patent Document 1: Kunitaka MOMOTA, “Battery

Technology”, The Electrochemical Society of Japan, vol. 8
(1996), p. 108-117

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

It 1s an object of the present invention to provide an
clectrolyte for a non-aqueous battery and a non-aqueous
clectrolyte lithium battery, capable of maintaining high
discharge capacity even alfter repeated charge/discharge
cycles under a high temperature environment.

Means for Solving the Problems

The present inventors have made extensive researches in
view ol the above circumstances. In the case of an electro-
lyte for a non-aqueous clectrolyte battery containing a
non-aqueous organic solvent and at least lithium hexatluo-
rophosphate as a solute, it has conventionally been supposed
that the presence of an acidic compound 1n the electrolyte
would cause degradation of battery materials such as posi-
tive electrode active material. Contrary to this supposition,
the present inventors have found as a result of the extensive
researches that 1t 1s possible to eflectively improve the cycle
characteristics of the battery under a high temperature
environment by adding a phosphorus-containing acidic
compound within a specific concentration range and further
adding a difluorophosphate as an additive to the electrolyte.
The present invention i1s based on such a finding.

Namely, there 1s provided according to the present inven-
tion an electrolyte for a non-aqueous electrolyte battery,
comprising: a non-aqueous organic solvent; and at least
lithium hexafluorophosphate as a solute, wherein the elec-
trolyte for the non-aqueous electrolyte battery further com-
prises 10 to 1000 mass ppm of a phosphorus-containing
acidic compound and 0.01 to 10.0 mass % of a difluoro-
phosphate.
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The phosphorus-containing acidic compound 1s prefer-
ably at least one selected trom HPF ., HPO,F,, H,PO,F and

H,PO,. Further, 1t 1s preferable that the amount of hydrogen
fluoride contained in the electrolyte i1s less than 10 mass
ppm.

The electrolyte for the non-aqueous electrolyte battery
may further contain: at least one compound selected from
the group consisting of lithrum difluorobis{oxalato)phos-
phate, lithium difluoro(oxalato)borate, lithium tris(oxalato)
phosphate, lithium tetrafluoro(oxalato)phosphate, sodium
difluorobis(oxalato)phosphate, potassium difluorobis{ox-
alato)phosphate, vinylene carbonate, vinylethylene carbon-
ate, ethynylethylene carbonate, fluoroethylene carbonate
and dimethylvinylene carbonate as an additive for negative
clectrode coating formation; at least one compound selected
from the group consisting of propanesultone, 1,3-propene-
sultone, methylene methane disulfonate, dimethylene meth-
ane disulfonate and trimethylene methane disulifonate as an
additive for positive electrode protection; and at least one
compound selected from the group consisting of cyclohex-
ylbenzene, tert-butylbenzene, tert-amylbenzene, biphenyl,
o-terphenyl, 4-fluorobiphenyl, fluorobenzene, 2.4-difluo-
robenzene and difluoroanisole as an additive for overcharge
prevention.

There 1s also provided according to the present invention
a non-aqueous electrolyte lithrum battery, comprising at
least a positive electrode, a negative electrode and the
above-mentioned electrolyte for the non-aqueous electrolyte
battery.

The electrolyte for the non-aqueous electrolyte battery
and the non-aqueous electrolyte lithium battery according to
the present invention maintain high discharge capacity even
alter repeated charge/discharge cycles under a high tempera-
ture environment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

The respective configurations of the following embodi-
ment, and combination thereof, are merely examples. Addi-
tion, omission or replacement of any configuration can be
made without departing from the scope of the present
invention. The scope of the present invention 1s not limited
to the following embodiment and 1s defined only by the
appended claims.

<Electrolyte for Non-Aqueous Flectrolyte Battery>

An electrolyte for a non-aqueous celectrolyte battery
according to the present imvention includes a phosphorus-
containing acidic compound (hereinafter sometimes simply
referred to as “acidic compound”), a difluorophosphate, a
solute and a non-aqueous organic solvent dissolving therein
the acidic component, the difluorophosphate and the solute.

<Acidic Compound>

In the electrolyte for the non-aqueous electrolyte battery
according to the present mvention, the phosphorus-contain-
ing acidic compound 1s preferably at least one selected from
HPF., HPO,F,, H,PO,F and H,PO,. The amount of the
acidic compound contained relative to the total amount of
the electrolyte for the non-aqueous electrolyte battery 1s
generally 10 mass ppm or more, preferably 30 mass ppm or
more, more preferably 50 mass ppm or more, and 1s gener-
ally 1000 mass ppm or less, preferably 800 mass ppm or
less, more preferably 500 mass ppm or less. When the
amount of the acidic compound contained 1s less than 10
mass ppm, 1t may not be possible to obtain suflicient
improvement in the cycle characteristics of the non-aqueous
clectrolyte battery under a high temperature environment.
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When the amount of the acidic compound contained exceeds
1000 mass ppm, there may occur an adverse eflect on the
cycle characteristics of the battery by degradation of battery
materials such as positive electrode active material. Further-
more, hydrogen fluoride 1s not preferred because battery
materials such as positive electrode active material are
significantly degraded by hydrogen fluoride. It 1s thus prei-
crable 1n the present invention that the non-aqueous elec-
trolyte contains substantially no hydrogen fluoride. The
expression “substantially no hydrogen fluoride” means that
the amount of hydrogen fluoride contained in the non-
aqueous electrolyte 1s less than 10 mass ppm. The amount of
hydrogen fluoride contained 1n the electrolyte 1s more pret-
erably less than 8 mass ppm, still more preferably less than
> ppm.

<Method for Addition of Acidic Compound>

In order to let the electrolyte for the non-aqueous elec-
trolyte battery contain the acidic compound, the acidic
compound may be directly added into the electrolyte. In
order to let the electrolyte for the non-aqueous electrolyte
battery contain at least one compound selected from HPF
HPO,F,, H,PO,F and H,PO,, 1t 1s feasible to add a small
amount (e.g. 1 to 1000 mass ppm) of water to an non-
aqueous organic solvent containing LiPF, thereby forming
the phosphorus-containing acidic compound by hydrolysis
of L1PF . in the non-aqueous organic solvent, and then, add
the non-aqueous organic solvent with the acidic compound
to the electrolyte although the acidic compound may be
directly added to the electrolyte. In this case, however,
hydrogen fluoride 1s also formed. It 1s thus necessary to,
betore addition to the electrolyte for the non-aqueous elec-
trolyte battery, remove the hydrogen fluoride by e.g degas-
sing from the non-aqueous organic solvent in which the
phosphorus-containing acidic compound has been formed
by hydrolysis of LiPF..

<Method for Quantification of Acidic Compound in Elec-
trolyte for Non-Aqueous Electrolyte Battery>

The total amount of free acid contained 1n the electrolyte
for the non-aqueous electrolyte battery can be measured by
neutralization titration. It 1s feasible to quantify the content
amount of any acidic compound other than HF by quanti-
tying the amount of HF contained in the electrolyte for the
non-aqueous electrolyte battery and then subtracting the HF
amount from the total free acid amount.

Further, the respective amounts of HPO,F, and H,PO,F
contained 1n the electrolyte for the non-aqueous electrolyte
battery can be quantified by '"F-NMR. Since the '"F-NMR
values (ppm) of HPO,F, and H,PO,F have been discussed
as follows 1n various reports published before the filing of
the present application, it 1s feasible to quantify the content
amounts of HPO,F, and H,PO,F from the NMR peak areas
of these acidic compounds, respectively.

HF: -201.0
HPO,F,: -86.2, -86.0, —85.6
H,POLF: -74.3, -74.0

It 1s also feasible to quantily the content amounts of
HPO,F,, H,POsF and H,PO, by 10n chromatographic mea-
surement of the amounts of anions of these acidic com-
pounds contained in the electrolyte for the non-aqueous
clectrolyte battery, respectively.

<Difluorophosphate™

As the difluorophosphate, there can be used a lithium salkt,
sodium salt, potasstum salt or quaternary alkyl ammonium
salt of difluorophosphoric acid. There 1s no particular limi-
tation on the quaternary alkyl ammonium 1on of the ammo-
nium salt. Examples of the quaternary alkyl ammonium 1on
are trimethyl propyl ammonium 10n, 1-butyl-1-methyl pyr-
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rolidinium 10n and the like. In the case where the electrolyte
1s for use 1n a non-aqueous electrolyte lithium battery, it 1s
preferable to use lithium difluorophosphate.

The lower limit of the amount of the difluorophosphate
contained relative to the total amount of the electrolyte for
the non-aqueous electrolyte battery 1s generally 0.01 mass %
or more, preferably 0.03 mass % or more, more preferably
0.05 mass % or more. The upper limit of the amount of the
difluorophosphate contained relative to the total amount of
the electrolyte for the non-aqueous electrolyte battery i1s
generally 10.0 mass % or less, preferably 3.0 mass % or less,
more preferably 2.0 mass % or less. When the amount of the
difluorophosphate contained is less than 0.01 mass %, 1t may
not be possible to obtain suflicient improvement 1n the cycle
characteristics of the non-aqueous electrolyte battery. When
the amount of the difluorophosphate contained exceeds 10.0
mass %, the electrolyte for the non-aqueous electrolyte
battery becomes high in viscosity and thereby may cause
decrease of 10n conductivity and increase of internal resis-
tance.

The reason for improvement in the cycle characteristics of
the non-aqueous electrolyte battery under a igh temperature
environment by the coexistence of the certain amounts of the
acidic compound and the difluorophosphate 1n the electro-
lyte according to the present mvention 1s not clear but is
assumed as follows. It should however be understood that
the present mnvention i1s not limited to the following action
principles.

It 1s known that, when the difluorophosphate 1s added to
the electrolyte, the difluorophosphate and the electrolyte
solvent react with electrodes during 1nitial charge/discharge
cycles such that coating films are formed from decomposi-
tion products of the difluorophosphate and the electrolyte
solvent on electrode surfaces so as to suppress reaction of
the electrolyte solvent after the formation of the coating
films and improve the cycle characteristics of the battery.

It 1s assumed that, 1n the case where the certain amount of
the acidic compound 1s used in combination with the dif-
luorophosphate, 1t 1s possible to promote the reaction of the
difluorophosphate and the electrodes and thereby form good
coating films, which are less likely to be degraded under a
high temperature environment, on electrodes as compared to
the case where the difluorophosphate 1s used solely. The use
of HF as the acidic compound 1s however not preferred
because HF causes significant degradation of battery mate-
rials such as positive electrode active matenal.

<Solute>

In the electrolyte for the non-aqueous electrolyte battery
according to the present invention, at least lithium hexatluo-
rophosphate (L1PF,) 1s used as the solute. Any other lithium
salt may be added as needed 1n an arbitrary amount within
the range that does not impair the effects of the present
invention. Examples of the other lithium salt are LiBF,,
L1CIO,, LiAsF,, LiSbF,, [L1CF,SO,, LiN(SO,CF,),, LN
(SO,C,F:),, LiIN(SO,CF)(S8O,C,F,), LiC(50,CF;)s,
LiPF,(C,F,),, LiB(CF;), and LiBF,(C,F.). As for these
solutes, one kind may be used alone, or two or more kinds
may be used 1n arbitrary combination at an arbitrary ratio.

There 1s no particular limitation on the amount of the
solute including at least LiPF.. The lower limit of the
amount of the solute contained 1n the electrolyte 1s generally
0.5 mol/LL or more, preferably 0.7 mol/LL or more, more
preferably 0.9 mol/L or more. The upper limit of the amount
of the solute contained in the electrolyte 1s generally 2.5
mol/L or less, preferably 2.2 mol/L or less, more preferably
2.0 mol/L or less. When the amount of the solute contained
1s less than 0.5 mol/L, the cycle and output characteristics of
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the non-aqueous electrolyte battery may be lowered due to
decrease of 10n conductivity. When the amount of the solute
contained exceeds 2.5 mol/L, the electrolyte for the non-
aqueous electrolyte battery becomes high 1n viscosity so that
the cycle and output characteristics of the non-aqueous
clectrolyte battery may be lowered due to decrease of 1on
conductivity.

<Non-Aqueous Organic Solvent>

There 1s no particular limitation on the kind of the
non-aqueous organic solvent as long as the non-aqueous
organic solvent 1s an aprotic solvent capable of dissolving
therein the solute, the acidic compound and the difluoro-
phosphate according to the present invention. There can be
used any of carbonates, esters, ethers, lactones, nitriles,
imides, sulfones etc. The solvent can be a single solvent or
a mixed solvent of two or more kinds of solvents. Examples
of the non-aqueous organic solvent are ethyl methyl carbon-
ate, dimethyl carbonate, diethyl carbonate, methyl propyl
carbonate, ethyl propyl carbonate, methyl butyl carbonate,
cthylene carbonate, propylene carbonate, butylene carbon-
ate, methyl acetate, ethyl acetate, methyl propionate, ethyl
propionate, diethyl ether, acetonitrile, propionitrile, tetrahy-
drofuran, 2-methyltetrahydrofuran, furan, tetrahydropyrane,
1,3-dioxane, 1,4-dioxane, dibutyl ether, diisopropyl ether,
1,2-dimethoxyethane, N,N-dimethylformamide, dimethyl
sulfoxide, sulfolane, y-butyrolactone, and vy-valerolactone.

Preferably, the non-aqueous organic solvent contains at
least one kind selected from the group consisting of cyclic
carbonates and chain carbonates. Examples of the cyclic
carbonates are ethylene carbonate and propylene carbonate.
Examples of the chain carbonates are ethyl methyl carbon-
ate, dimethyl carbonate, diethyl carbonate and methyl propyl
carbonate.

<Other Additives>

As mentioned above, the certain amounts of the acidic
compound, the difluorophosphate and the solute are con-
tamned in the electrolyte for the non-aqueous electrolyte
battery according to the present invention. In the electrolyte
for the non-aqueous electrolyte battery according to the
present invention, any other commonly available additive
may be contained at an arbitrary ratio within the range that
does not impair the effects of the present invention. As such
additives, there can be used a negative electrode coating
formation additive capable of being reduced during initial
charge to form a coating film on a negative electrode surface,
a positive electrode protection additive capable of forming a
protective coating {ilm on a positive electrode surface during
initial charge and an overcharge prevention additive capable
of, 1n an overcharge state, being reduced to stop reaction of
the electrolyte.

Examples of the negative electrode coating formation
additive are lithium difluorobis(oxalato)phosphate, lithium
difluoro(oxalato)borate, Ilithium tris(oxalato)phosphate,
lithium tetrafluoro(oxalato)phosphate, sodium difluorobis
(oxalato)phosphate, potasstum ditluorobis(oxalato)phos-
phate, vinylene carbonate, vinylethylene carbonate, ethyny-
lethylene carbonate, fluoroethylene carbonate and
dimethylvinylene carbonate.

Examples of the positive electrode protection additive are
propanesultone, 1,3-propenesultone, methylene methane
disulfonate, dimethylene methane disulifonate and trimeth-
ylene methane disulifonate.

Examples of the overcharge prevention additive are
cyclohexylbenzene, tert-butylbenzene, tert-amylbenzene,
biphenyl, o-terphenyl, 4-fluorobiphenyl, fluorobenzene, 2.4-
difluorobenzene and ditfluoroanisole.
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<Non-Aqueous Electrolyte Lithium Battery>

Next, a non-aqueous electrolyte lithtum battery according
to the present mvention will be explained below. The
non-aqueous electrolyte lithium battery according to the
present mvention 1s characterized by using the above-men-
tioned electrolyte for the non-aqueous electrolyte battery
according to the present invention. The other structural
components can be of the types commonly used for non-
aqueous electrolyte lithium batteries. Namely, the non-
aqueous electrolyte lithium battery according to the present
invention has positive and negative electrodes capable of
absorbing and desorbing lithium, collectors, a separator and
a container.

There 1s no particular limitation on the kind of the
negative electrode material. Examples of the negative elec-
trode material are: lithium metal; alloys or intermetallic
compounds of lithium and other metals; various carbon
materials (such as synthetic graphite, natural graphite etc.);
metal oxides; metal nitrides; tin (as simple substance); tin
compounds; silicon (as simple substance); silicon com-
pounds; activated carbons; and conductive polymers. The
carbon maternials include graphitizable carbon, non-graphi-
tizable carbon (hard carbon) with a (002) plane spacing of
0.37 nm or more, and graphite with a (002) plane spacing of
0.34 nm or less. Specific examples of the carbon materials
are pyrolytic carbon, coke, glassy carbon fiber, sintered
organic polymer substance, activated carbon and carbon
black. As the coke, there can be used pitch coke, needle
coke, petroleum coke etc. Herein, the sintered organic
polymer substance refers to substance obtained by sintering
and carbonizing phenol resin or furan resin at an appropriate
temperature. Among others, the carbon material 1s preferred
in view ol the fact that the carbon material shows a very little
change of crystalline structure by absorption and desorption
of Iithium and thereby provides a high energy density and
g00d cycle characteristics. The carbon material can be 1n any
form such as fibrous form, spherical form, particular form or
scaly form. Amorphous carbon material, or graphite material
having a surface coated with amorphous carbon, 1s more
preferred 1n terms of low reactivity between the material
surface and the electrolyte.

There 1s also no particular limitation on the kind of the
positive electrode matenal. Examples of the positive elec-
trode material are: lithtum-containing transition metal com-
posite oxides such as LiCoO,, LiNi1O,, LiMnO, and
LiMn,O,; those 1n which a plurality of transition metals are
mixed 1n the above lithium-containing transition metal com-
posite oxides; those in which part of transition metal ele-
ments of the above lithtum-containing transition metal com-
posite oxides are replaced with other metal elements; oxides
such as T10,, V,O. and MoQO,; sulfides such as TiS, and
FeS; conductive polymers such as polyacetylene, poly(p-
phenylene), polyaniline and polypyrrole; activated carbons;
polymers capable of generating radicals; and carbon mate-
rials.

A conductive agent such as acetylene black, ketjen black,
carbon fibers or graphite, a binder such as polytetratiuoro-
cthylene, polyvinylidene fluoride, SBR resin, polyimide,
aramid resin or polyacrylic acid, and a viscosity modifier
such as CMC are added to the respective positive and
negative electrode materials. The resulting electrode mate-
rial compositions are each formed into a sheet shape and
thus are provided as electrode sheets.

As the separator for prevention contact between the
positive electrode and the negative electrode, there can be
used a nonwoven fabric or porous sheet of polypropylene,
polyethylene, paper, glass fibers or the like.

10

15

20

25

30

35

40

45

50

55

60

65

8

Using the above battery components, the non-aqueous
clectrolyte lithium battery 1s assembled as a coin type,
cylindrical type, rectangular type or aluminum laminate type
battery.

EXAMPLES

The present invention will be described 1n more detail
below by way of the following examples. It should however
be understood that the following examples are not intended
to limit the present invention thereto.

Example 1

A non-aqueous e¢lectrolyte was prepared by adding 1.2
mol/LL of LiPF, as a solute, 1.0 mass % of lithium difluo-
rophosphate and 20 mass ppm of HPF. as an acidic com-
pound to a mixed solvent of ethylene carbonate and ethyl
methyl carbonate at a volume ratio of 1:2. Herein, the acidic
compound was added in the form of a solution of 60 mass
% HPF. 1n ethyl methyl carbonate. It was confirmed by
"“F-NRM analysis that the concentration of hydrogen fluo-
ride 1n the electrolyte was less than 10 mass ppm. In the
alter-mentioned Examples 2-24 and Comparative Examples
1-4 and 6-16, 1t was confirmed by the same procedure that
the concentration of hydrogen fluoride in the electrolyte was
less than 10 mass ppm.

Using this electrolyte, Li1CoO, as a positive electrode
material and graphite as a negative electrode matenal, a
battery cell was produced as a test sample and evaluated by
actual battery charge/discharge test. The production proce-
dure of the sample cell was as follows.

First, 90 parts by weight of a L1CoO,, powder was mixed
with 5 parts by weight of polyvinylidene fluoride (PVDEF) as
a binder and 5 parts by weight of acetylene black. This
mixture was formed into a paste with the addition of
N-methylpyrrolidone. The paste was applied to an alumi-
num foil and dried, thereby obtaining a sample positive
clectrode. Further, 90 parts by weight of a graphite powder
was mixed with 10 parts by weight of polyvinylidene
fluoride (PVDF) as a binder. This mixture was formed into
a slurry with the addition of N-methylpyrrolidone. The
slurry was applied to a copper fo1l and dried for 12 hours at
150° C., thereby obtaining a sample negative electrode.

The sample cell was formed with a capacity of 1.6 mAh
by assembling the above-obtained positive and negative
clectrodes mto a CR2032 coin-type cell unit while sand-
wiching therebetween a cellulose separator impregnated
with the above-prepared electrolyte.

The battery charge/discharge test of the thus-formed cell
was carried out under an environment temperature of 80° C.
by repeating charge/discharge cycles at a charge/discharge
rate of 3C. In the test, the cell was charged to 4.2 V and
maintained at 4.2 V for 1 hour during the charge cycle
operation; and the cell was discharged to 3.0V during the
discharge cycle operation. Then, the degree of deterioration
in the discharge capacity retention rate of the cell after 500
cycles was determined in terms of the percentage of the
discharge capacity after 500 cycles with respect to the nitial
discharge capacity.

Example 2

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that the concentration of HPF 1n the electrolyte was set to
200 mass ppm.
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Example 3

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that the concentration of HPF . 1in the electrolyte was set to
900 mass ppm.

Example 4

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that HPO,F, was used as the acidic compound in the
clectrolyte.

Example 5

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: HPO,F, was used as the acidic compound in the
clectrolyte; and the concentration of the acidic compound 1n
the electrolyte was set to 200 mass ppm.

Example 6

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: HPO,F, was used as the acidic compound in the
clectrolyte; and the concentration of the acidic compound 1n
the electrolyte was set to 900 mass ppm.

Example 7

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that H,PO,F was used as the acidic compound in the
clectrolyte.

Example 8

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: H,PO,F was used as the acidic compound 1n the
clectrolyte; and the concentration of the acidic compound 1n
the electrolyte was set to 200 mass ppm.

Example 9

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: H,PO,F was used as the acidic compound in the
clectrolyte; and the concentration of the acidic compound 1n
the electrolyte was set to 900 mass ppm.

Example 10

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that H,PO, was used as the acidic compound 1n the elec-
trolyte.

Example 11

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: H,PO, was used as the acidic compound in the elec-
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trolyte; and the concentration of the acidic compound 1n the
clectrolyte was set to 200 mass ppm.

Example 12

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: H,PO, was used as the acidic compound 1n the elec-
trolyte; and the concentration of the acidic compound 1n the
clectrolyte was set to 900 mass ppm.

Example 13

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: 0.5 mass % of lithium difluorobis(oxalato)phosphate
was fTurther added to the electrolyte; and the concentration of
HPF . as the acidic compound 1n the electrolyte was set to

200 mass ppm.

Example 14

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: 1 mass % of lithium difluoro(oxalato)borate was further
added to the electrolyte; and the concentration of HPF as
the acidic compound in the electrolyte was set to 200 mass

Example 15

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: the concentration of lithium difluorophosphate in the
clectrolyte was set to 0.5 mass %; 0.03 mass % of lithium
bis(oxalato)borate was further added to the electrolyte; and
the concentration of HPF, as the acidic compound 1n the
clectrolyte was set to 200 mass ppm.

Example 16

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: the concentration of lithium difluorophosphate in the
clectrolyte was set to 0.5 mass %; 0.05 mass % of lithium
tris(oxalato)borate was further added to the electrolyte; and
the concentration of HPF . as the acidic compound 1n the
clectrolyte was set to 200 mass ppm.

Example 17

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: 0.5 mass % of lithium tetratluoro(oxalato)phosphate
was further added to the electrolyte; and the concentration of
HPF . as the acidic compound 1n the electrolyte was set to
200 mass ppm.

Example 18

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: 1 mass % of vinylene carbonate was further added to
the electrolyte; and the concentration of HPF  as the acidic
compound 1n the electrolyte was set to 200 mass ppm.

Example 19

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
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that: 1 mass % of tert-amylbenzene was further added to the
electrolyte; and the concentration of HPF, as the acidic
compound 1n the electrolyte was set to 200 mass ppm.

Example 20

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: 1 mass % of 1,3-propenesultone was further added to
the electrolyte; and the concentration of HPF . as the acidic
compound 1n the electrolyte was set to 200 mass ppm.

Example 21

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: 1 mass % of methylene methane disulfonate was
turther added to the electrolyte; and the concentration of
HPF . as the acidic compound 1n the electrolyte was set to
200 mass ppm.

Example 22

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that: the concentration of lithium difluorophosphate 1n the
clectrolyte was set to 0.01 mass %; and the concentration of
HPF . as the acidic compound 1n the electrolyte was set to
200 mass ppm.

Example 23

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: the concentration of lithium ditfluorophosphate in the
clectrolyte was set to 10 mass %; and the concentration of
HPF . as the acidic compound 1n the electrolyte was set to
200 mass ppm.

Example 24

To a solution of 30 mass % LiPF. i ethyl methyl
carbonate, 100 mass ppm of water was added. The resulting
solution was left for 1 day at room temperature. After that,
HF was removed from the solution by maintaining the
solution for 5 hours at room temperature under a reduced
pressure of 0.06 to 0.08 MPa 1n terms of absolute pressure.
Using this LiPF . solution, a electrolyte was prepared such
that 1.2 mol/L of L1PF as a solute and 1.0 mass % of lithium
difluorophosphate were dissolved 1n a mixed solvent of

cthylene carbonate and ethyl methyl carbonate at a volume
ratio of 1:2.

The total amount of free acid contained 1n the electrolyte
was determined by neutralization titration to be 213 mass
ppm in terms of HPF .. Further, the concentration of hydro-
gen fluoride in the electrolyte was determined by '"N-NMR
to be 3 mass ppm. It was confirmed by these measurement
results that the amount of a phosphorus-containing acidic
compound generated by hydrolysis of LiPF. and contained
in the electrolyte was 191 mass ppm in terms of PF..

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that the above-prepared electrolyte was used.
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Comparative Example 1

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: lithium difluorophosphate was not added to the elec-
trolyte.

Comparative Example 2

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as 1n Example 1, except
that: lithium difluorophosphate was not added to the elec-
trolyte; and the concentration of HPF, as the acidic com-
pound 1n the electrolyte was set to 200 mass ppm.

Comparative Example 3

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that HPF, as the acidic compound was not added to the
clectrolyte.

Comparative Example 4

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except
that the concentration of HPF . as the acidic compound in the
clectrolyte was set to 1200 mass ppm.

Comparative Example 5

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 1, except

that 100 mass ppm of HF was added to the electrolyte in
place of HPF..

Comparative Example 6

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 13, except
that HPF . as the acidic compound was not added to the
clectrolyte.

Comparative Example 7

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 14, except
that HPF . as the acidic compound was not added to the
clectrolyte.

Comparative Example 8

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 15, except
that HPF, as the acidic compound was not added to the
clectrolyte.

Comparative Example 9

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 16, except
that HPF . as the acidic compound was not added to the
clectrolyte.
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Comparative Example 10

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 17, except
that HPF . as the acidic compound was not added to the
clectrolyte.

Comparative Example 11

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 18, except
that HPF, as the acidic compound was not added to the
clectrolyte.

Comparative Example 12

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 19, except
that HPF . as the acidic compound was not added to the
clectrolyte.

Comparative Example 13

A sample cell was produced and evaluated by charge/
discharge test in the same manner as 1n Example 20, except
that HPF, as the acidic compound was not added to the
clectrolyte.
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Comparative Example 14

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 21, except

that HPF, as the acidic compound was not added to the
clectrolyte.

Comparative Example 15

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 22, except
that HPF, as the acidic compound was not added to the
clectrolyte.

Comparative Example 16

A sample cell was produced and evaluated by charge/
discharge test 1n the same manner as in Example 23, except
that HPF . as the acidic compound was not added to the
clectrolyte.

The results of Examples 1 to 24 are indicated in TABLE
1. The results of Comparative Examples 1 to 16 are indicated
in TABLE 2.

TABLE 1
Capacity
Acidic compound/ Other additive/ retention
Concentration Additive/ Concentration rate (%) after
(mass ppm) Concentration (mass %o) (mass %) cycle test
Example 1 HPFE /20 lithium difluorophosphate/ —/0 53
1
Example 2 HPFE /200 lithium difluorophosphate/ —/0 56
1
Example 3 HPF /900 lithium difluorophosphate/ —/0 47
1
Example 4 HPO,F-/20 lithium difluorophosphate/ —/0 52
1
Example 5 HPO-EF-/200 lithium difluorophosphate/ —/0 55
1
Example 6 HPO-EF-5/900 lithium difluorophosphate/ —/0 48
1
Example 7 H>PO;F/20 lithium difluorophosphate/ —/0 52
1
Example 8 H,PO,F/200 lithium difluorophosphate/ —/0 54
1
Example 9 H,PO,EF/900 lithium difluorophosphate/ —/0 46
1
Example 10 H,PO,/20 lithium difluorophosphate/ —/0 50
1
Example 11 H;PO,/200 lithium difluorophosphate/ —/0 52
1
Example 12 H;PO,/900 lithium difluorophosphate/ —/0 47
1
Example 13 HPFE /200 lithium difluorophosphate/ lithium difluorobis(oxalato)phosphate/ 66
1 0.5
Example 14 HPF /200 lithium difluorophosphate/ lithium difluoro(oxalato)borate/ 71
1 1
Example 15 HPF /200 lithium difluorophosphate/ lithium bis{oxalato)borate/ 61
0.5 0.03
Example 16 HPF /200 lithium difluorophosphate/ lithium tris(oxalato)borate/ 66
0.5 0.05
Example 17 HPF /200 lithium difluorophosphate/ lithium tetrafluoro(oxalato)phosphate 7 64
1 0.5
Example 18 HPF /200 lithium difluorophosphate/ vinylene carbonate/1 56
1
Example 19 HPF /200 lithium difluorophosphate/ tert-amylbenzene/1 55
1
Example 20 HPF /200 lithium difluorophosphate/ 1,3-propenesultone/1 60
1
Example 21 HPF /200 lithium difluorophosphate// methylene methane disulfonate/1 62

1
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TABLE 1-continued
Capacity
Acidic compound/ Other additive/ retention
Concentration Additive/ Concentration rate (%) after
(mass ppm) Concentration (mass %o) (mass %) cycle test
Example 22 HPE /200 lithium difluorophosphate/ —/0 30
0.01
Example 23 HPF /200 lithium difluorophosphate/ —/0 58
10
Example 24  phosphorus-containing compound/ lithium difluorophosphate// —/0 57
191 (in terms of HPF) 1
TABLE 2
Acidic compound/ Additive/ Other additive/ Capacity retention rate (%o)
Concentration (mass ppm) Concentration (mass %o) Concentration (mass %) after cycle test
Comparative —/0 —/0 —/0 25
Example 1
Comparative HPFE /200 —/0 —/0 20
Example 2
Comparative —/0 lithium difluorophosphate/ —/0 45
Example 3 1
Comparative HPFEF /1200 lithium difluorophosphate/ —/0 40
Example 4 1
Comparative HE/100 lithium difluorophosphate/ —/0 38
Example 5 1
Comparative —/0 lithium difluorophosphate/ lithium difluorobis(oxalato)phosphate/ 55
Example 6 1 0.5
Comparative —/0 lithium difluorophosphate/  lithium difluoro{oxalato)borate/ 60
Example 7 1 1
Comparative —/0 lithium difluorophosphate/ lithium bis{oxalato)borate/0.03 50
Example 8 1
Comparative —/0 lithium difluorophosphate/ lithium tris(oxalato)phosphate/0.05 55
Example 9 1
Comparative —/0 lithium difluorophosphate/ lithium tetrafluoro(oxalato)phosphate/ 53
Example 10 1 0.5
Comparative —/0 lithium difluorophosphate/ vinylene carbonate/1 45
Example 11 1
Comparative —/0 lithium difluorophosphate/ tert-amylbenzene/1 44
Example 12 1
Comparative —/0 lithium difluorophosphate/ 1,.3-propenesultone/1 49
Example 13 1
Comparative —/0 lithium difluorophosphate/  methylene methane disulfonate/1 51
Example 14 1
Comparative —/0 lithium difluorophosphate/ —/0 28
Example 15 0.1
Comparative —/0 lithium difluorophosphate/ —/0 47
Example 16 10

As 1s seen from comparison of the above results, the
capacity retention rate after the cycle test under a high
temperature environment of 80° C. was higher 1n Examples
1 to 12, 1n each of which the phosphorus-contaiming acidic
compound and lithium difluorophosphate were used 1n com-
bination within the specific concentration ranges, than in
Comparative Example 3 1n which lithium difluorophosphate
was used solely. In Comparative Example 2 1in which the
acidic compound was used solely without combination with
lithium difluorophosphate, the capacity retention rate was
low. On the other hand, the capacity retention rate was lower
in Comparative Example 5 1n which 100 mass ppm of HF
was contained than i Comparative Example 3.

Further, the capacity retention rate was improved in
Examples 13-21 1n which lithium difluorobis(oxalato )phos-
phate, lithium difluoro(oxalato)borate, lithium bis(oxalato)
borate, lithium tris(oxalato)phosphate, lithium tetrafluoro
(oxalato)phosphate, vinylene carbonate, tert-amylbenzene,
1,3-propenesultone or methylene methane disulfonate was
used as the other additive as compared to Comparative

Examples 6 to 14 1n which no acidic compound was added.

It 1s thus evident from the above results that, as compared

to the case of using lithium difluorophosphate solely as the

5o additive, 1t 1s possible to obtain an epoch-making ettect of

improving the cycle characteristics of the battery under a

high temperature environment by using the specific concen-

tration ranges ol the phosphorus-containing acidic com-
pound and lithium difluorophosphate 1n combination.

The mvention claimed 1s:
1. An electrolyte for a non-aqueous electrolyte battery,
comprising a non-aqueous organic solvent and at least
lithium hexafluorophosphate as a solute,
wherein the electrolyte further comprises 10 to 1000 mass
ppm of a phosphorus-containing acidic compound and
0.01 to 10.0 mass % of a difluorophosphate;

wherein the phosphorus-contaiming acidic compound 1s
HPF; and

wherein hydrogen fluoride 1s contained in an amount of

less than 10 mass ppm 1n the electrolyte.

2. The electrolyte for the non-aqueous electrolyte battery
according to claim 1, further comprising:
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as an additive for negative electrode coating formation, at
least one compound selected from the group consisting
of lithium difluorobis(oxalato)phosphate, lithium dii-
luoro(oxalato)borate, lithrum tris(oxalato)phosphate,
lithium tetrafluoro(oxalato)phosphate, sodium difluo- 5
robis(oxalato)phosphate, potassium difluorobis(ox-
alato)phosphate, vinylene carbonate, vinylethylene car-
bonate, ethynylethylene carbonate, fluoroethylene
carbonate and dimethylvinylene carbonate;

as an additive for positive electrode protection, at least 10

one compound selected from the group consisting of
propanesultone, 1,3-propenesultone, methylene meth-
ane disulifonate, dimethylene methane disulfonate and
trimethylene methane disulfonate; and

as an additive for overcharge prevention, at least one 15

compound selected from the group consisting of cyclo-
hexylbenzene, tert-butylbenzene, tert-amylbenzene,
biphenyl, o-terphenyl, 4-fluorobiphenyl, fluoroben-
zene, 2.4-difluorobenzene and difluoroanisole.

3. A non-aqueous electrolyte lithium battery, comprising 20
at least a positive electrode, a negative electrode and the
clectrolyte for the non-aqueous electrolyte battery according
to claim 1.

4. The electrolyte for the non-aqueous electrolyte battery
according to claim 1, wherein the phosphorus-containing 25
acidic compound 1s contained in an amount of 50 to 500 mas

18
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